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A new type of selector, newer in concept to the h e U d  seleokw, 
was the selector of We Selme [SI, Wl% in 2-952 (fig. 2). It was emen- 
ti- a great* elongated chopper set with its axis parallel to the di- 
rectLon of the neMtrai beam (the axis of the chopper 5s 
beam). The functioning of 
iodng of the Fermi chopper 
pass fxL*" type and permi 
nsutrow of a speed higher 
speed &vwn by %he relation * 
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Fig. 3. Equivalsnee of channels set at an 
angle (a) and roto 
ion of the neutron bean (b)* 
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Fig, 6. Sketches for p0-r [!?aectOria 
neu.t;ponilor celor 
eotoria nent roSor  n ~ r l  Iengi = B L % ~  of slowest n e a k a f .  

The conds.Gion which lrnsst be Milled so that the neutrons roey paw 

rapid = path of fastesf newixwas; Tram 

throagh the seleator is that the pol#ts of the channel coincide in S ~ ~ O C ~ S S -  



ion and uniformly in tfme w i t h  the path of the neukrons, which is a 
stmight 19ne. 
the new&ons fn a nobile s 

Tbe fom of the &amel is then i d e n t i d  with the path of 
the rotating 

0 

z =ut, 

P =o,  
X =r,  I ‘ / .  

s 
-~ 

2’ = vi!, 
x= mcos 8 - ys@ y= 

== r cos4, ’ 

=E r ain8, 
P’= ssin8 + y COS& = 

The *st ey3ind~ical seledm (that of SeZcrpe, W 5 2 )  had & ehrrrm- 
els. A year biter, Bash snd Samers designed Q selector with E O  channels, 
lT. Holt ts  selector [5 ] ,  buil t  in 195’7, had only $0 cbameXs. 

The skucttrre of the selectors has developed also: while the ekztmn- 
e l s  of %he % W e  selector were herus ted  in the body of the qUnder, the 
Dash axld Sonrmers selecz.tor mpl~y&l holes fom& Qy the radial. d.tsposi’t%orr of 
fin@, the holes being of 0.03 cm on the circamference of the cy’er i n  
the Selcrpe selector and fnch x 0,045 %mh h that of Dash asdl Sommers 
(one inch = 25.4. ratale In the Blt selector the holes w e  made qp direotly 
by the space between f;wo awcessive cadm.%-plaM f’ins, TQ 
fOn ef the size sf the hob with relation t o  the tbiclmess 
betmen holes, Holt gives the fin thickness (l/% inch) and the zmmbr of 
fins (80) .  

cha;raateristics of  a l l  these selectors. 
TQ shtpUf5r the jFo”esen.t;atjtOn, we give a concise tabulation of the 
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Dimemians 

Power of drive 
notor 

1952 

6 

3 hP 

3 BF3 cheunbers 1 

elecasode, l/8 in& 

5~1th (5ndimeter) 
x 30 091 (in length) 
diamter of aentrd 

pressure of inter- 
ior ga~, 2 a h  

Hot indicated 

120 

-0.8 



The designing of disk selectors w3.a holes pbwe shefted Sn spce 
lrndertaken shukta,neously wi%h the study of 1oW-energy ("co3dn) neuzipoll~~ 
In these selectars the disks are arranged on the sane d s ,  be- roh%ed 
sjlmultaneousl;8 
imtion. Srzch a design is no longer possible in the case of xmUt~@n9i Of 
higher e€ierg;~r, inasmuch 8s the distances between the disks mdd be rmuch 
greater am3 it Vouzd be necessazy to drive thea wf.t;h several motors, %his 
presupposing synehs0o;imtAon of the speeds. 3 3  practice, aW these siirua- 
t u r d  rUf?Meul=tiea have the result %hat dgsk r o n n o c p l r ~ ~ s  are design& 
only for lou energies. The disk design (with the holes h the disk8 de- 
smiblreg a h e m  which coincides w i t h  the pa* of the neU.i;rons) is I;rref-d 
because o f t h e  sj&pWm-bion of the technological process and the eelector 
design as comparsd with the ease of the h e l i d  selector pperXy so caxLsd* 
There is basically no difference between the two eases3 PLpmided the muiaber 
of disks is h g e  enough fo r  definition of the h e U d  chazxuel vitb gocpd 
pret&idon. 

ieal se lecbr  for neutroz1s designed & B. Jarnot and Gt Gobert [6], 
and used for the en== range of W* to 1cr-4 ea, me effective cross- 

sections of mterids in the hw-energy range (subthemnal and cold neutrons) 
w$U. be maswxed with the afd. of this selechr,  

dfmeter spaced at intervals of one meter. !there are openings En these 
disks shifted through an angle cp (fig. 7 )  the device being of the "shift- 
ed openhg diskn type, The whole anit is mowfed in an emmated space so 
as t o  avoid fYictiori wfth air. To nraike possible a comparison with the de- 
vices already described, we #ve the characteristics of w s  selector be- 

the same r o h r ;  thfa el&xinates the necessity of ~ c h ' a -  

The first d Of this %m which WE4 shau d2S-s is the BlWht%El- 

lh essenee the  rotor is mde up of two rotors (disks) o m  mter in 

low: 

wight of each disk 
t3iwmter of'disk l 3 l i  
distance between disks 13li 
speed of r o t a t h i  6,000 rrpn 

135 kg 

At this sped the le- of one aawt~cm pibe is 50 p (llloTe3 earacrqy, the 
haU-adth i n  energy 

cotllmated and perfectly 
i~ each disk. 

an idea of the co~pleadty of the i.astaJ.l.ation, we 
duae &am [SI a general. view of this selecl&or (fig, 8); %he two df 
be seen QP the Lef't in the photograph, 

ch can be of 



The selector designed by P, Hubert, R, sow, aad C, SfgnasBiernr is 
made up of four disks mounted on the same shaft;, the dis-e between the end 
disks eq-ling loo a, 
speed of rotation 3,000 
CSJ (fig* 9).  

undergo Brrzgg 
reflections of an order higher tBan one, 8113d operates 19 conjunction w i t h  
a crystal spectromter, For cence of the selector 

diameter of the disks 60 a, &ad the , because of material strength considerations 

Thcz selector is design& to e3iminate nm-kons 

must be as great as posa @ it is 43%. 

t . ' I  

Fig. 7. B&.c di elector designed Irg Jacrot 
and mbert: 
cadmiwn ring; 4 - mechanical phase shifter; 5 -- e1ect;ric 
motor, 

- optioal aperture; 3 - 

The upper khit of u t i l i a t i o n  in  energy of the selector is Oe03 ev 
(at 2,800 rpn) . 
t e m l  between ope9ings being 5%t0 It has been asgu1118d that the neubon 
bean has a avergence of U2s0 radian (straight c o W t o r  2% un in 
and 1 a ;In width).  Each disk consists of two plates of dura- 2 
thiek between which an 0.7 ma t h i o  of cadmimn is inserted, the lblhole 
being camented with 

In each disk there are 66 openings 2O22' i n  uidth, the in- 

The aeleohr H e  ES. Skas and C, J, $snwaTd 
ctor also co of four disks, qrra  

sllecessim openings being 0.3% sadian 
continuousas varhble &an 600 to 5,650 

motor was used. The kmnsmiss%on of  the selector for 8 wen 
is 3%. Tests ham shown that the high order neutron intens5 
103 times; the se lecbr  is us 
flection on plaae 200 of a et;rys.tal), UP to energies of 0.05 ev the 
high order intensities are less than 0,05$ of the fhst  order intensities. 

of' rotation to the n%u*~ eaergy for w h i c h  the 
is  given by the formila 

together with a cry~tal spe&me* (re- 

According t o  the authors cited abve, the onship 0 
ssion is 
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1.. -~ 
I N (rotlmin) = 2,5.104 .1/z (eV). 

c b r  designed e 

9 



The detailed aect2on of one of the disks is shown Itn figure 11, The 
disks are made up of pktes  of p*ltminm betveen which sheets of cadmdnm 
0,030 imh  thick are The shaft is 66 inches (1,675 meter) in 
length, the distance be di. 25 bwhes (about 56 a). 

fantdin discul 

hother recently reposted design is that of A. P, S e a e & w  
% xu2;netsav [lo], who have designed a ssbctor aria disks w i t h  phase shifted 
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operxings, consistfng of 19 central ( s m e t r i d )  disks and two -&ical 
end disks (fig. lZ), 

As i n  the case of the Jacrot and Gobert selector, the rotor is phc@ 
in a v a m .  
weight 55 kg. The speed nay reach as Ugh as 12,000 rpm, the selector 'be- 
designed for operation in the energy range under 0,5 8v. 

opening being 0.8 mm d d e  aa3 13 mm thick, Their nor 
1.6' with %he generatrix of the cyWer  on which the curves des= 
the openings are inscribed. The sped is varbble, the usual operr 
range being included between 2,500 a9d 9,500 rm, 

Weatron de.tectionis effected with the aid of a 159d with 
boron trif%mride (W3) under a pressure of 600 nan Q, the dj.- 
mewions of 2% mm iln length and 35 ll~g Sr d%meter+ Qzlw of tile 
eounter are Mgb&y hportsnt fn transi% t b e  tee-, inamch as it is 
prhcipally comkr length which determines the systematic errar~ 

The lex@& of the rotor is 53 cm, the di.aneter 27 a, asd i%s 

There are 297 operrinf3s mer the ciremferenee tor, each 
an angle of 

The a t h o r s  estabUsh for this pmtl 

(a) The vsloaity of! the selected nex&irom ,v is given lqy the relat- 

oase a series of formulas 
which determine the perfontlance of the seleetor; speciEIcaUy: 

ion 



i n  
be 
a2 .z;i;e ax.igh betGgn the mmna~. of aa-opening 
cy3hder (a2 = 1.6 ); aad a1 the angle between the xmrmdL of the ~penfng 
+he dwection of the neutron b a a  bl< 5OIe 

the gensra txb  of the 

(b) The resolving power of the selector is gjtven lqy the formula 

i n  which 8 is the energy for  which the PQSO is calcu2a.t;ed; A E  
th of the selected energy bad; +gt axd dGol the widths of the 

e dep.frhs of the rotor and 
of the rotor  opening (which 

ctor output is detemained loly 
is actual3y exposed to so% th8 PadiUS O f  z;he rObZ?. 

(e) The nmbr o 
these au&ors '&y 

A c c Q ~ ~ ~ Q ~  .to Dash and Samers 143, the #hmretio appraxbation which 

-- the channsls are h e l i d ;  - the openings axe of finite width; - the neutron beam is divergent. 
Xf the angle of divmgenGe of the beam equals a ,  Dash d So;imnera 

corrssponds the best .to tb s d  si-haationis that whioh asmws the f o a w  
ing hypothtases t0 be Wt58f%ed: 

define a BqmLity factor" of the device 

ax +E, .P= - 
h '  

is foam3 hroni the relation 

aperture angle of the openings; 3 
velocity of the rotor;  E$, the radius 



These authors assert that it is vary difficult  4a calculate the re- 
sol- power, i f  mt pacti- impossible; it is for tbis rewon -that 
they have intrduced the WquaUty factor.af In what follows we shall 0- 
deavor t o  appmxirnaM CEalcUzation of the resolving power of the 
heUeals 

We sha2.I. refer t o  the selector i n  which -&e channels are 5traight 
pa;t.aUel to the gemmrk&x of the cylbder, the entSPe devfce being set at 
an aagb  t u  the  d*ectiox of the mm%ron bstnm (fig, 6w) a d  eqwimlent to 
the one la whieh the charnels axe at an angle to the generatrjx, the lertLer 
being parallel %o the direction of the neutzon beam (fig. 6b)+ 

point emombred by the beam is point A.; the fastest neutrons qaiek& 
travel thrcmgh the channel, following a path (in a rnobile s~~~tezn,  and 
relative t o  %he opening) nearly pwaXhl to the wall. ,L; they leave throagb 
point A t .  Howeprer, the beam also aonta,ins slow neutrons. The slowest 
neutrons, Mch enter through point LI, leave through B1; that is, %hey foUw 
the path AB', taking the s e a t e s t  t h e  (of all the neutrons entering the 
channel) to travel +l.mmgh the channelr 

%hat is, 
the  neutmsis enter the e h n n e l t b o q h  the  points sftnated between poi~ts 
S_ and Bs the channslwiXt be traversed om by the neutrons which are not 
fast enough to reach 4 strike wall ,1 and are not slow enough t o  be h i t  

The neutrons %ravewing the chamel w?ua foUow b t d i a -  paths 
&tween wa3J-s 2 and 2, that is, amy Une which eomects a point Q E ~  the seg- 
ment AB w i t h  a pointfi.fi.fi.fi.fi.fi.fi.fi.fi.fi.fi.f.sai the se~szit A'B' miay (potentially) be the pa& of a 
neutron tmvaming the channel, since WS pa% ntlfiiJ-ls the passage con- 
dition, which requires that the "points" of the path in the mobile system 
(that is, aomergirig stra ight  WS) coinaide srrccsssivef;g aniformf;y ia 
time with tlp dfrsction of the betan i n  the fibs& systam (the dlireetgon de- 

tmtvezse the channel, we post omselxres a t  point 33 the fastest neutrons, 
whiofi enter tbrotqgh this points w i l l  reach w a l l  ,Z only at  point .AF fozlow.. 

Then, knowing that the time in which the neubmns traverse the dia- 
k n e e  & (equal to the length of  
rotor is rokted through ingle 

- far the Sstest nsa2;r 

we are t o  ag opening of the seIector (fig. 6a); the first 

!%roughout the period during which the opening is 

by 43.20 

signated on SJi fig. &), 
To see which we the fastest neutrons, the ones which cont-e t o  

ing pa.th4, 

egaals the t h e  i n  a c h  the 
write: 

A- 
/- 

L 8  
(path 1;) , 9 W 

$ = & , t , = - = -  9 .  

$,e- s- s + A s = t v  f Atl 
- for the slowest neutrons % + AL 

(pa.t;h 2) Vi o 

Chat is, 



Me thereby obtain the resolving power in tern of selector sped: 
L -k AL 

9 . 
In terns of energy we 

i .  

Procseeding now to the ease of figure 6b, we note that we can write 

A9 Pep?-- 
@ ': 

s cos4 

L 
cos 4 

1 tg A 8  =- 
_L 

we firid (see fig. 
s cos2 9 P, =- 

9 '  

in wlzish 2 is the width of the chamel opening. 

admits a nmcismm for 8 given by the expression 
It is seen that %is atxpressfon, which is 8 fkne2;ion only OS 8"s 



d*, 

We shall take &tirn 45",, s being the angle f o r  which the resolv- 

Since the is dtcectly propostIod t o  the of 
ing power is the 

the openings, it is to be seen that the resolution is the better, the 
smaller is the Width of the opening, as was .to be expected. In this case, 
homer,  there is a great drop in transparency asld a eonpromise must be 
reached between %he tm requiremeats: - good resolution eurd - good transpaxenay, 
which are contradiotmy, 

One somethes speatts of the nlnmlnescencetl of a selector, bt sinee 

The -transparency or tzwmmission coefficient of my selector, inde- 

lanescence  is a physical and phpiological quantity, we shall opepate with 
the quantitr designated "transpwency" or nlransmission.m 

peadentu of a "low-pass," %igh-pss,n or %md-passu filter is 
Involved, is unders.tood t o  mean a nlmiber (having no p h y s i d  dfmensions) 
which represents the ra t io  of the number of neutrons passing through a fix- 
ter t o  the number of incident neutrons. 

UMer constant conditions this ra t io  does not depend on time; in what 
follows we SU w e  either the term 4zanspeerency.o~ the tern tra9smiss&on, 
the two being equivalent, 

Int us consider a aikvioe (such as are the neutron selectors) through 
which the neutrons pass o d y  a *action f t  o f t h e  time; it is said that the 
devioe is "open" during this tinre. 

If the beideat  neutrons have o ~ l l  energy spectrun it3eluded 
E1 and E and the neutrons which "pass through" have a spec- 

fE, of the number of  neutr se t e 
btween h, we the t 

The ~ number of incident neutrons, defined i n  terms of energy 
* -  

1, &-F( s number o 

neutrons which traverse the device is The transpa- 

rency o r  tmnsmission of the deviee may then be written 

Irm (10) k(E) represents the r a t io  
utpons of ener 
OgJY very few 
E) is 

15 



Its spp@r&nce is due to the "end effects,u that is, to the fact -that the 
openings open gr&uaUy in twe, atld not abrupt3$, jumps (only in tbjls 
case "would we have k(E) = 1). 

to energy, before select- 
;In which the spec- 

gy E2 (11). 

It is obpfow t h a t  the relationship between the two int%@d~ repre- 

It is to be seen that if %&e eatire spcsbnm is -kmmsmitted, fB 

sents the relationship between the two areas (shaded plnd cross-hatched) i n  
figure 33. 

and if transmission were to take place consfetnl;ly, ft + 1; ia U s  case 
aU. the neutrons pass 8nd T 4 1, that, is, the general cordlitions for 
transpasency are Mined: 1 e, at the U t ,  when fs --f 1 and 
ft; -3 1 9  T -+ 1, 

The fraction of time durfng which the device is open is d c d t e d  
as follows. 

Let there be a rotary device haxlng 3 openings disposed rad%- 
(ffig, -) or peripheraQr over the &onW surface of the deviee wMeh the 
nentrons s-kike (such 8s in the case of the device i n  fig. Ub). 

Such a rotary dcwice opens g tbes per conplete ro.tat%ne 
The &action of t h e  (within one second) during which the 

pass mag be calculated b & a t  
We have fi pubes i n  a c 

revolutions per &nate, that 
in one second. A pulse lasts t the time d m h g  

the smface passes through the plane of fixed pin% A 
EteeoBds. 

es pass though, that is, 
a second durbg whi 

1, 

t e  rotation. If the r 
lutions per a4aoad 

In one second 

an an S (fmwtioiw of a sscond) -At = - - i '  
-z 

-.1sec 60 60 oR 



or 
aS 

2 x R  
' t  an S 

1 sec 60 5 
- ---.-=-. 

60 

. 

T h i s  fraction comesponds to the time &'unction f*. It mtty also be 
found directly, &om the consideration that for a point & the c i r d w e n c e  
presents within one second an Papea" portion, aJ, relative to the t o t a l  
length of the circumference, 2FR. That is to sag., the probabiltfa). that 

the neutrons will enter the selector is *, w h i d h  corresponds to the time 
rncl ion ft. 2RR 

The transmission is thus a probability o f  the 1881fd-andn type whioh 

We mtyr write 
is expessted k?y the produet of the ties at and f p  

' (Em"L IC ( E )  n ( E )  dE 

W h e n S + O , T + O  t2on that the rotor become 
come inf3nibJ.y srmrll ,  is opaque to neutrons when the 

W W S  ~4-j 0alcate 
ction@ tad which corresponds to the 

ch they designate 
n f.& fonnd ab=, 

It is  ob&ous that the transparency T, defined at point 4, describes the se- 
lector qualities more cOmp2eteQr. 

17 



6, THE: TRANSltpiSSION FUNCTION GALCUJATHl BY DASH AMD SOMMEBS [A]  

ses are the fdlowing: 
parallel neutz~n;~beam, 

helical channels, 

identical heUoal clwmels, is made up of 

e at angular velocity m e Eaeh ope- has 

f2action of the bncident beam which enters an 

5. T o = - = -  a R @  \‘@ (= -- t the expression found pre9t.f U S  

2nR 2n 2xR 

c 

and the e of the ~ t t ~ t r o n ,  and bearing in mfnd 
we find 

h 
, Ao=i:----e(). 
I ma L 

The path of the netttrons o 
channel (Pig, 15, path dssi 

is  pamdlel %o the edge of the 

18 



so that 

T ( A )  = 0, - h o l >  AA. 
$0 

The %rawpars int ernd the 
&am this po2nt are o the we have re e term 
transmission because it was the o m  employed by these aufhdrs fn the original 
axtic 

that the speckme- is  exposed 4x1 
., It then follows that the 

divergence of the 
sasion w91f be 

' Ah . I '  , '  

The t r w s s i o n  
found by averaging over 

experiment that this ease (avergent 
the best r d  situation, 



the data of k L a ,  h .ao  &fo=- =: -- 
the a cer.(;ain rad- 

ius as a parameter the quantity @ in 

opening i 

e o m  i n  figure 16 for  
the ------.._._.. helical - - -  sel 

20 



It is of interest for 
of transparency to resolving 
expr essfons 

poses to dcnlerts i&dadationshfp 
its c d l d t i o n  we shall maplor the 

cos3 4 
& 

I .  
I P E S -  , 8 = 45",= oonst. 

sad 

The %ranmission in t5ne given energy- is  the product of the 

length of a pulse of pubes per second 

t t h e  %imnsn&ssion in 

errcaet3y. For this reason we shall 
to a constan% c < 1; %e quo+ 

ient  with which we are concerne be 

Inasmuch as the trans 

A s  was to  be 

the irrPerse o f  
&%stbethe the resolving power ms-b aI.8 -. 

the opening 9, SO 
ion, good tramprencr e 
depends only on the var 

s not depend on the width of 
to choose a cwqaromise solut- 

in questhn fs written 

%? 



for gpmeiay in planning, the angle being measured on the evolzpte of the 
cyUnaer. . The following are gens given: - the  ped of the neutrons, p (or their energy, E), - .the length of the rotor, ,L, - the depth of the opening, q w  the tramwerse dfmegsfon o f  

We have seen that the m& 

the incddent beam, a, 
wllll condition of 

- the number of openings ( ld¶ 
of the angle is fomd fion the maxi- 

resolving power, which gives 

To determine the Sb we shall plot both thel 
e-of the resolviing posrer) p transparency 3 rand the 

3.n the wine diagram. The %ramparency g is 

ff we retafn only the depe OM g. 
The resolution is writ 

..J: .. .. -, . . . . ... 
1 
S: 

11' 8 1 
I- --. - =%--- P C O S 8  s 

w i t h  2 $ plot%& against 

are qual. for a c 

Q. M), it was seen that the two funotionsl 

width 2. When 2 increases t h O  
n decreases* The opposite situ&= 

Final&, the ar-tgular v e b  was determined fmu th8 operating 
condition 

itself'. 



Fig, 18, Tr 

APter -e cal been oarried out, 
ial presented by %he 
city of the order of 

whether the thisrk9ess 09 
or is sufficient to give 
co&it%on 

in which Z is the ssctien and E the s of the mater- 
id, mast be hilfi pose. The c o d i t i  us 

!@>12,9,, for the case of 10-6, 

If we have seve s arranged sueeess%vely ( d e l  ribs - 
i t i on  is written 

this g i h g  u8 



If the condition is not 2'alXilled, we must: 

- or adopt a materid with a ~ e a k  effective cross seetion. 
If these solu%j.ons are not possible, the selector must bs redesigned, 

GA 
-0 either adopt a laaterial of  greater thickness (thicker ribs) 

J 

that is, the geometric &ensions must be reconsidered. 

CON(3LUSIOEJS 

1, The helical selector is dxa-acterised 'by good tmnsmission (to 
around 80%); in this case, homer,  tnhe resohtion is poor, 

The selector is wed in conjunction &th a crystal spectrometer 
(fig, 4)  b achieve good resobtion. 

2, In theory, such a seleobr can taaVe 
is deskred; 19 practice, howsper, the decrease 
increase in resolving power causes a limitation which is the BOF 
weaker is the source. 

problem of obtajining sources as Antense as possible, 
Heme the p ~ o  of omin5% good resolvhg power is U& %o the 

good resrola.l;ion ean be obtajtasd when one operates with 
3* It is t o  be seen &cat the foregoing that the mmge of wphpest 

of W s  type of selector i s  the , TheoretfcdUp, the ctop 
f'unctions 131 any r"g6, but we - the speed of rotation cannot be as M&sa desired (in gmetice 
the speed does not aarcseed 15,000 ta 20,000 rpur); - %he opacity OS the pretbe- deereases expmnt;iaUy when the sped 
of' the laentrons 3wreases; - if we wjlsh t~ amplay the device cowist2ng of a selector p l w  a 
crptta2 spec*aeter, we cannot exceed the lEmit of around 317 em, beyond 
which the resolution of the 

These factors hold 
4. We may erdd that this type of sselsc 

that  it presenb the advantage of being rehtivew easy is p h  and design, 
5. In &e introduction t o  Wrs &%cle it was stated that the heU- 

cral selector did not mlve directly throngh the a s k  s d b o b r j  this is 

r, 

the thermal. muige be 8 

tab decreases 
the range of 

not aesigpd ~957-19~. 
cbl-1 d w i c a l e s ,  
elec.t;ors of this type. 

The last two types of selectom, 
MghQ developed types of disk selectors; 
general eff'orb fo de.t;ermi9e 
ions 0 
be%q 
&ow of %he e1aents for cold neakowI such determination ww1 probably 

been subjected to so Muclh dieassion, 

f the proble3JJls of 3.&eractLon betmen neukow asd such%, 
create sane l ight  &n the pb2.m of nuclear forces,&i& has 
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